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[IL1EEONLYI 
UMATOLQOIC EVrECTS ZN MAN OF  1O%% -LZVEL 

"DIATIONEZ O5URE' 	- - 

R.L 1)obean!  azd M M Chupp 

I. ftmtoDucrIc* 
Vety, little direct information is available on the øffects In man of 

smelk doses of tornz&ng radiations Present concepts are based largely on 
extrapolation (roi higber doses in humans and from experiments on animate 
The need for otaffes of effects on buuan beings of smell closes or of chronic 
1ow4evel eXposuze to ionIzing radiaUon is appareut. 

The part4cular sensitivity of the bloud-forinftig organs to x-rays was 
demoastrated by. Heineko as early as 1903 (1, &) Many investigators since 
then have described changes in the peripheral blood, especially ieprtion 
of the cefltler *lementeJacobson, in revlewisg the hematologic effects of 
iouisthg rndtation (s), points out that few observations have been reported 
d*ring the last twenty years which had not previously appeared in reports of 
early workers euch as Hilneks (i), flue., •t.aZ, (4) L assagp and 
Levadan (5), and otbørs. 

UotU the early 1940', most stUdi* of radhiatton4nduc.d changes In 
bemepoletic tissue and blood ware with relatively large doses of ionisI.ng 
radiation. Human data came only from accidental eicpoeur,e (6 1) end from 
patients receiving radiation therapy (B d  9). The development of the atomic 
energy program gave impetue to studies on eIfscts of small doocs and chronic 
low4eveI exposure; bowever, there bav* been only a few convincing 
quantitative studies on man 

• 	Tb* most suggestive .ff.ct dør bed in human beings are minimal 
hangss in leuocyte  count and morphology. 6vert and Nelde obeerved changes 

in persons szpoaed to x-rays at level. *stimst*d to be as low as 0.02 r to 
0.05 r par day (10, II), Mayneord reported a significant d.pr..sion in 

• 	• 	t)Otuaer Laboratory of fltopbyolcs and Medical lbyeics, UniversIty of  
• 	California Berkeley. California. 

Wit1t contrIbution. by l)r. Harley S. M.esing.r and Dr. Nicholas L. 
Petrakis, Department of Preventive Medicine, University of Californie Sbool 
of M*dijne. 3ao Francisco, California. 

Pres.at address: World Health Organisatina, PalMs des Nations, Geneva, 
8witserind. 
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teukot.e in pesor. exposed to le1s presumably not greatly exceeding 
OU5 r per week (12). )now1toa found a statistically significant gradual 

• dealin6 in the absolute lymphocyte counts in a group of pes chronically 
• • 	 •.ipó.td to gamma radiation at an average lev.l of 0.21 r per week (13). 

• 	 .. Mo 	logic change* in lymphocytes were observed by Ingram and Barnes, 
wIo reported an incr5aeed incidence of bllobed and binucleated lymphocytes 

.'ia,th. circulating blood of cyclotron workere exposed to presumably very Low 
• .1 	 • levels of irradiation (14). Subsequent studies with dogs (IS) and more de- 

• tailed observations on humans (16) &eemed to confirm the original findtngse 

When Ingram's obeervationá came to Our attention, a numbr of 
• 	: •.. Skp*rlment. re carried out at this laboratory to iasttgate this phenome. 

(17). The results suggested that indeed there was an increase in the 
incidence of binucleated Lymphocytes (DnL.) In individuals exposed inter- witiontly  

• •.: 	• 
	
or chonicaUy to radiation at level. below 0.3 r per week. The.e 

dza, however, were not stffidently complete to allow adequate sttieticat 
• 	• 	evaluation. Peripheral blood studies were subsequently undertaken. The 

nature and magnitude of the nL resperneo were studied in normal human 
be1g.a exposed to (a) chronic low-level radiation and (b) single isolated doses 
• àfi*ut*thg radiation. A significant inceuse in the Incidence of BaLwas 

• . . . 	.. 	to persons whose average yearly exposure was in the range of only 
•LltoOZrp.r week, aswefl as in persons exposed to single isolated do9ee 

', 	•: . 	f Ionizing radiation at about 2.5 r, 

• • 	• The desoxyribonuctelc acid (DNA) content of the SnL was also studied. 
• ai suite indicate that theee cells contain probably the normal lymphocyte 

com$ment of DNA. 

• • • 0 • • 	 • 	 • •• • 
	 Ii, METHODS 

0 •' 0 
•• 	 • CHRONIC £XPOSURZ 6UDY 

• • 	• 	• - B1nL.ste4 Lymphocytes (BnL) were counted in the peripheral blood 
• • 	• of Wtesn normal individuale. Comparison was made between a group ex- 

• posed to low4vel Irradiation and a normal control group. The former was 
• • • • made up of night healthy young men receiving, In the course of their work as 

accete*ator operators. intermittent and chronic exposures of predominantly 
* and gamma radiation. The control group wse made up of seven pereona 

• 

	

	•roceliing no known exposures to. radiation above background levels. The two 
groups were approximately matched by age. 

• 	• 	• 	Determinattots of the doses received by persons in the exposed group 
• • 

	

	were made by daily electrotcope readings and weekly mm-badge measure- 
ments Average exposures for the year, the month, and the week prior to 

• 	the experiment were compLIed for each person as well as for the group as a 
• 	whole (Table I). Weekly neutron txposuree were determined from track 

• 	• 	count. on neutrongenèttive film badges. On the ba'ls of an assumed relative 
biological effectiveneàa of 10 for neutrons, the yearly average dose received 

• by one subject (Cl) sounted to 0.04 rem per week Iom neutrons in addition 
to the dose listed in Table I. The other subjects vecetved an averag, of from 
0.0* to 0.02 rim per week from neutrons. There were no positive fLtm.badge 

- 2.- 
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read in* In the ceutrol group. 

. . : '; • • • 	 7*,. the BuL co*flt$, .anpt.s of capillary blood vmro taken from the 
4 

1 intervals for five or raore ponsecutive boUts an the day of 
aaxnplftkg No atUcoag*sts or coitc.ntratton melhodv were use& Fresh 
ttood films wre tret.d with Wrtgbt'o stain. The sildos were eitamtned at 
ZOO ?( magnUtcatlon with a microscope provided with a mechanically drvsu 
stage. The total numbers of white blood cells and BnL seen were recorded. 
Only BnL with two completely separate nuclei or with two nonoverlappiug 
nuclei connected hi a thin hairlike filament (g. 1) were recorded. CeUs 
riot meeting the.e criteria and cells with bibbed nuclei were not considered 
in this study. On each elide, 6 000 to 10. 000 white blood cells were counted. 
Positional coord*n$te* for each flat were recorded. 

In an attempt to explore the time sequence of the S uL response and to 
observe possible changes due to mingle or cumulative exposures, detailed 
studies were x&de on two LndLvidwl.. over a period of several months In 
one ease end over almost two years in the other. 1)atly electroscope records 
were maintained for the whole experimental porio4 *nd were checked with 
weekly ftlrn-badge readings for consistency. Neutron exposures were 
measured to described above, 

ACUTE £XPO$URE $TUDY 

A group of seven healthy Individuals working at the Nevada Test Site 
during an operational period was chosen for study. Selictiori of these persons 
wes baaed on the nature of their assignment, which was the measurement of 
certslrz r*dt*tion level, at the elts. In the course of his work each individual 
received a single tota1body exposure of gamma radiation In a period of 1$ 
to 30 minutes. In each case the magnitude of the exposure was determined 
from three film badges and checited with potket electroscope, and portable 
mater. Bess radiation was ueglltble, and neutrons did not contribute to 

Medical ecaminations, complete blood cunti, and urinalymas were 
done to rule out the existence of complicating abnormalities. To exlude the 
possibility that internal radiation might be contributing to the doe., scintilla-
tion coiznttrzg over tha thyroid area was carried out and radio-assay studies 
for MM and beta emitters in 24.hour urin, samples were performed before 
rind after exposure, with negative results. It was established that none of 
these persons had undergone any diagnostic x-ray examination for at least 
6 month. prior to the experiment. ilm-badge records covering a p.r16uf 
6 months prior to the study did chow, however, that most of these individuals 
had rec.ivad some radiation .xposnre during the pleceding half year. The.e 
data ar. presented to Table II. 

$Smstologicai studie* were couducted during a control period prior to 
ixpoturs and for II days after exposure. On each person, five blood countS 
wars taken daily at Z-bonr intervals for a period of 3 days befor, exposure. 
The some procedure was followed an the day of exposure arid on the first, 
second, fourth, sixth, ninth, tenth, and eleventh postexposure days. Blood 
film* for dWerentisI counts were made from capillary blond 
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TABLE I 

• 
Av.rageradiatton exposure8 in r per 
weec durint three preco 	interva3.8 - 

Sbject Year pro- 	flonth pro- Week px'eceding 
ceding count 	ceding count and including 

- da.y 	count 
0-3 .22 .05 .15 
0-2 .15 .22 .18 
0i3 .04 .09 .16 
0-4 .04 .0 .16 
0-5 .08 .3.2 .38 
0-6 .13 .16 .28 
0-7 

 017 .1 .09 
0-8 .15 .2] .22 

.12 .2.9 

TABLE IX 

posuree (in r) received during the aix months 
ecedin 	the ex*rirent (pril to 3ptber 1952) 

Subject April -fty June 	Ju1y Auguet Septeuber total 

.160 0 	0 	0 0 	.16 
1-2 0 	0 0 	0 	0 .08 	.08 
1-3 0 	.06 .09 	0 	.05 .40 	.60 
A-4 0 	0 0 	.1 	.12 .13 	.35 

00 0 	0 	0 .40 	.40 
0 	0 0 	0 	0 0 	0 

A-I - 	 .02 0 	0 	0 0 	002 
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• 	 samples obtained by ear puncture at $:O0t: .10:00, 12:00 Z:0O p.m. • and 
4:00. Blood films were treated with WPigbt'a stain. total leukocyt• counts 
in dupticts were dons at 8:00 a. rn* noon, and 4:00 p. m. 

To avoid possible bias, a different worker independently coded the 
•tidI$ with random numbers bitere they were examined. BnL and tQt$I 
Whit* ecU. were Counted and recorded to described above. 

LYMPHOCYTE DNA CONTENT 

The total LJNA content of eight BriL and of the t*dtviduat "nuclei" was 
• d.t.*'mi,.ed by F.utg*n mtcrosp.ctropbotarnetry on blood imears by use of a 

method described by Petrahis and %F , 5i18). The DNA content of nurmel 
lymphocytes on the same slid. was measured for control. 

• 	

0 	 UI. RESULTS. 

CHRONIC EXPOSURE STU DY 

gesults of the camparath. study on the chronicefly exposed and un-
#XpOsod groups am presented in Table UI and in Fig. 2. These data were 
d*lved from  the counting of mere than one million white blood celis4 It is 

0 	 *rent that the incidence of btnteat.d iymocyte. (BnL) among the 
circulating whit. cells 1* very low, and that It was higher in the exposed than 

•f the unexponsd group. The mean in the control group was 1.4 S&L pir 
50,000 leukocytes, with a range of 0.4 to 23; It was 3.9 per 50,000 in tI,s 
exposed group, With a rang. of 34 to 7.6. 

The suggestion of a pattern of response to individual doses of radia0 
tloe is aEon La rig. 3, where daily exposure. of still another person are 
*IIOW*. With scattered BaL counts for I. period of 90 day.. The daily radla. 
tion exposures, which were predominantlygamma radiation, rie vad from \ 
0 to 0.26 r. The l*etd.nc* of BaL over the period of 3 months fluctuated fom 
O to 10 per 50.000 whit. blood cell.. The larger numbers seam*d to appear 
several days att.r tadi4dusZ exposure to 02 v or more. Iilly counts were 
takit during the last 10 days of observation following a dose of 0.26 v. To' 
4y after this exposure the incidence of aI. was IS per 50,000 whit. bloQd '\ 
cefls 10 days after exposure it was 17 per 50,000. Between times the 
incidence variod from I to S. Thus, thu'• was suggested a biphasic pttern 
of Vespbnse with pooks at about It daysand again at about 10 days after an 
Individual expo sure. 

ta collected Over a almouth period from auotb.ez individual are 
• • presented in Fig. 4. This penn bad worked with radiation for many years, 

It is worthy of not. that the tncidec. of EuL ws maintained at a high level 
for the entire period of eheirvatlon, and did net d.ctea.* during a 3 'month 

0 • 1*tervat while tjae.subject received ..asnthUy no P$*ip: exposure. Tbe ,  
average incidence of BaL In this man is higher than we have observed in 

• 0• 

	
0• 	 most1!j*perssirn.. This rsay ripreselt Individual variation. The 

• 0 • • • striking peak of 21 p.r 50, 000 followed npeu several successive exposures 
00 •. 
	 tO4 r. 

• 	 • 0 	
0 	

•• 	
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The incidce of binucleatad 1jmphocytee among white celle in the peripheral 
blood of nonn1 pereone chronically expozed to low-level x- and gaia radia- 

ez the incid 	pe in unexpos.d ireona. 
8ub3.ct Ag. NuUber of 	Number of 	Niaber of Calculated number of 

hourly eatnplee 	leukocytee 	binucleated binucleated Lymph- 
counted 	1yphocyt.e ocytee per 50,000 

som white s.11 

cpce.4 GrouD 

0-1 31 6 58,172 	8 6.9 0-2 23 U 106,000 	16 796 
0-3 35 6 60,000 	9 7.5 
0-4 29 6 60,000 	5 4.2 
C-S 39 6 600 000 	4 3.4 
c4 29 5 508,000 	7 7.0 
'C-? 26 5 39,000 	4 5.0 
C-S 34 5 341,700 	4 5.8 

Mean 31 total 50 Total 467,872 	total 57 - Mean 5.9 

tro1 Group 

4. 	 0-9 
0.1O 

32 
29 

5 
8 

50,000 	1. 110 
800000 	3 1.9 

.27 0,000 	1 0.4 
:-.•- 	0-1227 6 60,000 	3 2.5 

043 31 8 80,000 	2 1.3 
0.14 29 7 70,000 	3 2.2 
0-15 25 6 600 000 	1 0.8 

Mean 29 Total 54 total 540,000 	Total 14 Mean 1.4 OM 0 .29 

IM 
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ACtITE EXPOSU&E STUDY 

ktdiatton dos.s, received by the subjects as single .xposres are 
presented in Table IV together with mean pre.. and postaxposure leukocyt. 
cocit... The total white blood cell counts in individuals an well as in the 
group as a whole did not change significantly after exposure. 

ft Table V are Shown the BaL counts for the control period of two pr.. 
:••• . • 	 d*ye and for two selected postexposure periods. Data from the 

- third pre.exposure day the day of exposure, and the fourth and sixth 
post.xpo.ure days are not available at this dma. The first and second 
postezposul!e dayswere cOnsidered together as Period I, and the ninth, 
tenth, and eleventh postezpo.ur. days together a. Period U. The incidence 
ofBn16 in the control period I. seen to be rather higher than was observed 
3.n the €trst exprimsnt 

1gut. S Is a graphical presentation of the difference in BaL Incidence 
between th* two poatexpocure periods and the control period. The subject 
who received Z4 r showed la significant increase during the second pojt. 

• exposure period, and the subject who receted 2.6 r showed an increase 
during the first postexposure period. The errors shown in Fig. S are I 

S 	 •tanard deviation 

- 	 LfMPHOCYTZ DNA CONTENT 

Meacurenients of the DNA content of eight BuL. were cOmpared with those 
.01 normal cefle on the same slide There was a considerable spread of the 
valuo . found, but these early ,  results strongly suggest that the total amount 
of DNA in the BuL I. the same as In the normal lymphocytes,the diploid 
amount. Meaurements on Individual nuc1M" of the But gave valueS 
approximately onehell as great as thos* from normal cells. 

1VO DISCUSSION 
The binucleated lymphocytes (BtiL) appear to be Poisson-distributed 

among the White blood cells. Tht. was tested with the data from the chronic-
exposure Itudy by, the Chi..quare variance test (19) The difference between 
th. exposed and the unexposed groups, which is apparent from In spection, 
of Fig 2, was confirmed at the 1 11% significance level with a computed P 
value'of. 0.3%..  The means for each group were also computed. The observ-
ed ratiO (expo*d/unexposed) of the means was 4.7, and the 95% confid.ce, 
interval for ,  the true ratio extended from 2.7 to 96 

• 	
-. 	 - 	 - - 	- inionezruion at uze auierence between these two groups ptOV*cISs • 	

: strong support for the assumption that BnL response follows exposure to 
• 

	

	. :. chronic tow.•lvel radiation, it 1s of apecil interest that the higher 
iflcideuce of TML was seen In a group of persona whose average weekly • -. 	
exposure was of the Order Of only 0.1 to 0.2 . . 

• The acute exposure study 1.,. at this stage, somewhat less conclusive. 
However, the demoustrAtion of an Increase in Dut (by computation of the 
ratio of the means) at the S significance level in the two person. receiving • 	 dOles of 2.4 and 2.6 r respectively. suggest* a do.s,  effect, since the 
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TAmdSIV 

Pre- aud 	o."e laukooyto OfIflt 	in Yfl flOrP.1 
I 	114 1qji 

-dola gem mmatm 
Sub j.t Dos. Pre".xpo.ur. msen 

-. 
Poet-szposure man 

• (r) ts2 3.eukot. 2ml total 3.ukocyte cin 
' eoo 29300 4*00 8:00 12.00 zoo 

-- 	L. 

A.N. Uom P.M.- A.X.V soft 
-- 	- P.M. 

Lii 0.7 7,660 9,256 9,285 
- 

7,475 8,807 
-- 

9012 
L4 0.7 10,035 10,100 110200 3.09 508 32 0 992 20,796 
£4 1.4 8,856 8,894 10,075 903C43 10,615 9,650 
Li.4 2.5 20,232 13,038 23,292 100414 12,330 11,895 
L'3 1.7 12,194 11,231 10,975 13,781 12007 12,928 
a-6 2.4 13,170 11,038 10 ,873 14,489 14,138 14.755 
£7 206 10,912 10,632 10,743 10,365 100 695 120547 

*i$fl 2.5 30043? 10,590 10,924 10,905 11,512 12 e422 
- 	•, 	 .' 	,• 	.'• •.. . 	 . . 

- 	 '4; 	 • 	
V 	

V - V .  

V 	 ' VV 	 • 	- - V  

V 	 V 	
•: 	 - 

V 	 ,j 	• 	
- 	._ 	. 

.- 	• 44 	 V 	 • 	 • 
•*V 

* - 	* • 	V - V  

- 	 V 	
V V 	

• 
• 	 - 

V 

• 	 " 	 I. • 
- V 

) 
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4V1OsUr*s 1.086 thaft z r fafled to show a stgnicaat 
reaponse. The f&ct that each of these twoindividual, showed. response at 

one of the postexpoa*ire times Indicates that caution should be used In 
connecting the BnL rasponse to tbw radiation alone. 

A factor of probable Import&nce in the acute ezjsure study was the 
er'etic pattern of daily Uving of all seven subjects during the period of 
obsirvetlon. Their schedules of duties at this time were irr.gular they 
frequently worked long bouts and had very little sleep meals also were 

/ 	irre$ut*r. It is not sv4iksly that these unusual living conditions were 
'. -.. .*Sspowalb1Sfór the biihlactdióce of Box.. seon during the control period. 

Pt*rtbe,mo,, otherwis, detectable responses to the smaller radiation doses 
may have bien Obscured. 

The bi*ncleated llrnpbocyte response Is not specific to radiation. 
Murphy and Sturm reported seeing large numbers of these cell, in the blood 
of aeIznats alter beat treatment (20)I lngrvr* observed their Increased 
tndd.ace wI$b vsvio*. disee.es and has emphasized the Importance of 
coneid.rtng the general health of an individital when Interpreting this hemato 
logical reSponse (21). Wø have seen v.ry high numbers of BuL in patient. thlphatic 1emIs and boned -  -their numbers et.v.t.d in iacUoui 
hepatitis and other conditions (22. 

The pattern of Lymphocyt, response that Is .uu.st.d in the 90 day o$$*vatton period by peak. observed .ppro4mstely 10 days alter the 
dgh.t eaposure. (}ig. 3) is  interesting to relation to the early observations 

Murphy end $turm 424). In 1919 they described the appearenc* of binucle&ted 
lympitecytfl La the peripheral blood of mic., rats 4  and Wdsea pigs 6 to 10 
days aftet .*posre to beat at temperatures of 55 to 65 C. 

 
The bioucleated 

-calls wire moat prominent at a time when regeneration of lymphoid tissues 
WI. mialmal, Ingram reports th. highest tnddecs of bilobud lymphocytes 
In dogs during the second 2 weak. slier e*posure to *.ray., and during the .-  avot week. alter exposure to the environentof an op.rang cyclotron (15). - - 	- BIlaek-IádStorer obsrv.4 the highest reponse peak In rats and mice 
kppro,dm.t.1 I 'ee.k *ft.r IrradIation (23). 

Ihs apparent itonspacUicity and the time paUezo of the response in. 
died make the brigisal suggestion of Murphy and Sturm attractive.. that 
thee. lymphocytes arm cclii in the midst of smItotic dLvisiou, and are 
e5p.cisfly prevalent during perlids of active lymphoid ti.us repair £oUowing 
lijury. .lraah and Daugherty offer that this phenomenOn is simply part of 
the gsas*a1 sires. $ctdre (24) and Dougherty suggests that the BuL. might • . -•' 	beenpeeted to eOrrelati with the 1argediametep "stress -I.ymphocyt." (25). 

The 1)NA dsterxbinstions Indicated that these cells contain ptobably 
- - 

	

	thi usual lymphocyto compliment of chromosomal - material. This Opposes  
the Idft that they have bun unable to complete their last mitosis; one would 

• 

	

	•. e*psetn that case to find a tatraploid amount of DNA present In the ccli. 
Rather, the.. cell, appear to have two "nucid" dividing the diplold amount 
at 	 - 	 - - 
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SUMMARY 

• 	stgnUtcar4 tncreae in btu.c1cated lymphocytea in the pertphcral 
blood was observed in tormat Individnalo exposed intermittently and 
chronically to low4eveZ x and gamma radiation of the order of 0.1 to 
462 r per week. 

The average incidence of these colts in a gtoup of eight chronically 
e*poaod persons was 5.9 per 50,000 Zeuhocyten, the range was 3.4 to 
74. The average incidence in a control group of seven persons was 
1.4; the range was 04 to 2.. 

A significant increase In bieucl.et.d lymphocytes in the peripheral 
blood was observed in two normal individuals at different time, aft., 
they were exposed to a eiugte acote dose of gamma radiation of the 
order ,  of. L5 r. 

4 SLgnUtcant beznatologlc is sponee e were  not seen in five other normal 
Individuals after single exposures tonmt radiation in doses leec than 

5. The data preeontód suggest that peaks in the binucteated lymphocyte 
response pattern after individual doses of radiation etcur within a few 
dsp to perhaps tOdays after exposure. 1* some individuals relatively 
high levels appear to persist. 

6 The btnucl*ated lymphocyte response is not specific to radiation. it is 
probably related also to physiologic etr•se. 

7, A few measurements made of the DNA content of binneleatod lymphocytes 
Indicate that thes. cells contain probably the normal Lymphocyte corapte. 

divided• betw en the t nucleI. - 

• 	cowox 
Thi author's wish to express their apprecjatlon to Professo r  kiordin 

30nos for hi. very valuable suggestious and support. It to a pleasure to 
acknowledge our association with Miss Nylan fcung *hosae technical 

• 	• • aad$toce was invaluable. 
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Fig. 3. Daily radlation.doae record and periodic 
binucleated lymphocyte counts on one individual 
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